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ABSTRACT 


A  Study  of  Ultraviolet  Emissions  From  the 
Oxides  of  Carbon  in  the  Mesosphere  and 
Shuttle  Environment 
by 

Robert  P.  Tomic,  Master  of  Science 
Utah  State  University,  1985 


Committee  Chairman:  Dr.  Marsha  R.  Torr 
Major  Professor:  Dr.  Gene  L.  Wooldridge 

Department:  Biometeorology  C  ' 

/  i+)  +  '' 

^  This  study/ to  determine  if  carbon  oxide  (CC(,  CO^^,  ^0^  ) 

ultraviolet ‘^Wj^emissions  in  the  mesosphere  are  observable^  thus 
presenting  an  alternate  method  of  determining  the  concentrations 
of  these  species.  By  developing  photochemical  models  for  C^jJ^^and 
it  is  shown  that  the  concentration  levels  of  CD^  and  CD^^.^are^ 
not  adequate  to  produce  UV  b^'nd  emissions  bright  enough  to  be 
detectable  by  spectrometric  instruments.  For  CD,  actual  measure¬ 
ments  of  the  concentrations  were  used  in  conjunction  with  g-factors 
to  predict  volume  emission  rates.  These  predictions  indicate  that 
only  the  CD  fourth  positive  bands  will  be  bright  enough  to  measure 
by  optical  techniques. 

Mesospheric  ultraviolet  spectra  obtained  by  the  Imaging 
Spectrometric  Dbservatory  (ISD)  on  the  Spacelab  1  Mission 
(November  28-December  7,  1983)*^ re  examined  for  the  presence  of 


86  4  B  096 


the  CeT  fourth  positive  bands  and  several  bands  are  identified  which 
are  believed  to  be  CO  fourth  positive.  The  CO  fourth  positive  1-6 
band  is  used  to  calculate  a  density  height  profile  for  mesospheric 
col  These  calculations  are  in  close  agreement  with  measurements  by 
others  for  mesospheric  COf.  This  band  system  'does>provide^a  viable 
method  for  measuring  CO  in  the  80  km  to  110  km  altitude  region. 

A  second^^ objective  of^-the  studj^is  to  investigate  whether  carbon 
oxide  emissions  are  found  in  the  induced  shuttle  environment.  CO^  is 
one  of  the  major  products  of  shuttle  engine  exhaust  and  carbon 
materials  are  found  to  undergo  significant  mass  loss  on  orbit. 

While  several  molecular  band-like  features  are  found  in  the  data. 


these  appear  to  be  intermittent  and  at  times  have  the  characteristics 

So  H','*  (  ,  _  .. 

of  point  sources^  These  -features  may  ther^fore^e  due  to 
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INTRODUCTION 


Studies  of  carbon  oxide  (CO,  CO2,  CO^,  C02^)  ultraviolet  (UV) 
emissions  in  airglow  have  been  used  extensively  to  study 
atmospheres  on  planets  such  as  Mars  (Conway,  1981;  Fox  and 
Dalgarno,  1979;  Barth  et  al.,  1971),  Venus  (Durrance,  1981)  and 
comets  (Feldman,  1978;  Festou  et  al.,  1982;  Donn  et  al.,  1974; 

Feldman  and  Brusil,  1976).  In  this  study,  an  attempt  was  made  to 
determine  if  carbon  oxide  UV  emission  could  be  detected  in  the 
earth's  atmospheric  dayglow  and  the  shuttle's  induced  glow.  If 
detectable,  this  will  be  the  first  case  in  which  carbon  oxide  UV 
emissions  from  mesospheric  dayglow  have  ever  been  remotely  measured. 
This  is  very  important  because  it  will  be  an  excellent  tool  to  aid 
in  the  study  of  mesospheric  physical  processes. 

For  the  purpose  of  this  paper,  the  mesosphere  is  the  region  of 
the  atmosphere  ranging  in  altitude  from  88  km  to  116  km.  Figure  1 
shows  where  the  mesosphere  lies  in  relation  to  the  other  atmospheric 
layers  (thermosphere,  stratosphere  and  troposphere)  and  which  portion 
of  the  solar  spectra  is  absorbed  out  in  the  mesosphere  (2000  to 

O 

3000  A).  This  includes  most  of  the  E  region  of  the  ionosphere  which 
is  dominated  by  the  ions  NO^  and  O2  •  More  measurements  of  this 
region  will  aid  in  understanding  the  transport  processes,  photo¬ 
chemistry  and  ionospheric  phenomena  such  as  sporadic  E. 

By  comparison  with  the  thermosphere,  relatively  little  is 
actually  known  about  mesospheric  processes  because  it  is  a  very 


Altktttfc 


Figure 
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1.  The  variation  of  temperature  with  altitude  at  middle 
latitudes  in  the  earth’s  atmosphere  (Goody  and  Walker, 
1972). 


difficult  portion  of  the  atmosphere  from  which  to  collect  data. 

Until  recently,  the  collection  of  data  was  done  primarily  with 
rockets.  This  resulted  in  a  scattered  picture  of  processes  by 
which  the  mesosphere  operates  physically.  In  1983  mesospheric 
carbon  oxides  were  measured  by  an  infrared  instrument  on  board 
Spacelab  I  (Lippens  et  a1.,  1984).  The  purpose  of  measuring  carbon 
oxides  is  to  gain  a  greater  understanding  of  the  physical  and 
chemical  processes  which  drive  the  mesosphere.  This  includes  the 
carbon  oxide  rotational  and  vibrational  population  distribution, 
photochemistry,  mesospheric  temperature  and  solar  and  magnetospheric 
energy  flux  (Torr  and  Torr,  1984). 

In  order  to  examine  the  data  for  mesospheric  carbon  oxide 
emissions  (in  the  UV)  it  is  important  to  first  predict  theoretically 
where  these  lines  will  occur,  and  how  bright  the  emissions  should 
be.  Because  brightness  is  a  function  of  species  concentration 
(shown  later)  a  photochemical  model  is  developed  which  determines 
concentration  levels  for  both  CO^  and  (assuming  photochemical 
equilibrium).  For  CO  and  CO2  this  assumption  does  not  hold  true 
(Hays  and  Olivero,  1970).  Therefore,  actual  measurements  (taken  on 
Spacelab  I)  will  be  used  in  place  of  predicted  concentrations. 

These  concentration  values  are  then  used  to  predict  how  bright 
several  of  the  carbon  oxide  bands  should  be.  The  second  step 
involves  locating  where  these  emission  lines  occur.  This  was  done 
using  a  synthetic  spectral  model.  Once  estimated  brightness  values 
and  band  locations  are  known,  the  final  step  can  be  taken,  which 
involves  the  comparison  of  the  actual  data  (band  brightness  and 


location)  to  the  predicted  band  brightness  and  locations.  This 
same  process  is  used  when  studying  carbon  oxide  UV  emission  bands 
associated  with  shuttle  induced  glow.  This  induced  glow  is  the 
measurement  of  extraneous  signals  whose  origin  seems  uncertain  at 
this  time  (Murad,  1985).  There  are  three  suggested  causes  for 
production  of  this  glow,  which  include  aeronomical  processes,  plasma 
effects,  and  gaseous  contaminants  from  the  shuttle. 


5 


INSTRUMENTATION  AND  DATA  REDUCTION 

Data  obtained  for  this  thesis  were  measured  by  the  Imaging 
Spectrometric  Observatory  (ISO)  on  board  Space! ab  I  from  28  November 
to  7  December  1983.  The  ISO  was  built  to  measure  emission  features 

O 

in  the  ultraviolet,  visible  and  near  infrared  (300  to  12,700  A). 

This  is  achieved  through  "five  spectrometers  operating  in  parallel" 
each  having  "a  focal  plane  detector  which  is  optimized  for  a  partic¬ 
ular  region  of  the  full  spectral  range"  (Torr  and  Torr,  1984,  p.  169). 
Each  spectrometer  measures  approximately  equal  portions  of  the 

o  o 

spectrum  from  the  300  A  to  12,700  A  range  with  a  spectral  resolution 

O 

of  3  to  6  A  (Torr  et  al.,  1982).  See  Figure  2  for  a  diagram  of 
the  ISO  and  its  ray  path  description.  The  focal-plane  detectors 
consist  of  a  "two  dimensional  device  array"  which  measures  UV 
spectral  emission  (via  grating  steps)  in  one  dimension  and  spatial 
information  in  the  other  dimension  (Torr  and  Torr,  1984,  p.  169). 

By  positioning  the  shuttle's  instrumentation  in  the  proper 
orientation,  a  vertical  height  profile  of  UV  emissions  in  the  day 
and  nightglow  can  be  collected.  The  dayglow  measurements  were 
obtained  by  orienting  "the  entrance  slit  perpendicular  to  the  limb 
of  the  earth"  (Torr  and  Torr,  1984,  p.  169).  The  ISO's  field  of  view  of 
0.65°  allows  a  16  km  vertical  height  profile  (with  a  2  km  resolution) 
to  be  observed  (Torr  et  al.,  1982).  The  measurements  for  shuttle 
glow  were  taken  on  the  night  side  of  the  orbit.  The  shuttle  was 
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oriented  so  that  the  ISO  pointed  at  a  tangent  ray  height  of 
90  km. 

The  data  collected  was  recorded  on  magnetic  tape  by  a  micro¬ 
processing  computer  on  board  Spacelab  I.  Processing  this  data 
involved  four  steps.  The  first  step  required  the  use  of  a 
program  developed  on  the  POP  11/60  and  POP  11/34  computer  at  Utah 
State  University.  This  program,  called  SPY,  has  the  capability  to 
extract  the  data  in  two  formats.  The  data  can  be  either  in  one 
dimension  centered  at  the  tangent  ray  height  or  in  eight  segments 
(every  two  kilometers)  centered  at  the  tangent  ray  height.  This 
results  in  a  height  profile  which  extends  eight  kilometers  above 
and  below  the  tangent  ray  height.  Because  the  sensor  contains 
background  noise,  an  instrument  background  measurement  is  taken 
before  the  ISO  shutters  are  opened  for  observations.  This  is  then 
subtracted  from  the  data  using  a  prepackaged  program  at  the  ISO 
Laboratory  at  Utah  State  University  (CAL  2).  The  third  step 
involves  cleaning  the  data  by  removal  of  telemetry  noise  spikes 
and  aligning  each  section  of  the  spectra  to  the  other.  With  the 
spectra  fairly  well  cleaned,  the  data  must  be  converted  from 
counts  to  radiance.  A  calibrated  sensitivity  file  is  used  to  do 
this  conversion.  Figure  3  shows  an  example  of  the  final  output 
form  for  the  one  dimension  data  extraction  technique. 


Wavelength  (A) 

Condensed  display  of  spectrum  acquired  by  visible  channel  d 
observations  into  the  velocity  vector  (Torr  and  Torr,  1984) 


SYNTHETIC  SPECTRAL  MODEL 


To  study  the  data  collected  on  Spacelab  I  for  carbon  oxide 
UV  emissions,  it  is  necessary  to  know  the  expected  location  of  each 
band.  This  requires  a  large  number  of  calculations  which  consider 
the  contribution  from  each  of  the  atomic  and  rotational  lines  to 
the  spectrum.  Therefore,  it  is  advantageous  to  utilize  a  computer 
model  which  can  do  this. 

The  model  used  in  this  paper  titled  "Line  by  Line  Calculation 

of  Spectra  From  Diatomic  Molescules  and  Atoms  Assuming  a  Voigt  Line 

Profile"  was  developed  by  Arnold,  Whiting  and  Lyle  (1969,  p.  1). 

The  program  produces  a  spectrum  by  accounting  for 
the  contribution  of  each  rotational  and  atomic  line 
considered.  The  integrated  intensity  of  each  line 
is  distributed  in  the  spectrum  by  an  approximate 
Voigt  profile.  (Whiting  et  al.,  1969,  p.  1) 

According  to  Arnold  et  al.  (1969,  p.  783),  using  the  Voigt  line 

profile  is  "accurate  to  within  3  percent  or  less."  Another 

important  aspect  of  this  model  is  the  capability  to  incorporate 

instrument  sensitivity.  This  allows  modeled  output  to  actually 

appear  as  it  would  when  measured  by  an  instrument  with  specific 

sensitivity  characteristics  (grating  spectrometer,  radiometer, 

etc.).  For  more  information  reference  Arnold  et  al .  (1969)  and 

Whiting  et  al .  (1969) . 

This  model  only  considers  atoms  and  diatomic  molecules, 
therefore  only  CO  and  CO^  emission  bands  were  modeled.  The 
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input  variables  which  can  affect  the  CO  and  CO  emission  band 
calculations  are: 

1.  rotational,  vibrational  and  electron  temperatures; 

2.  species  concentration; 

3.  instrument  sensitivity;  and 

4.  population  distribution  which  can  be  modified  to  consider 
vibrational  distribution. 

Figures  4  through  8  show  the  brighter  calculated  emission  lines  for 
the  following  CO  and  CO^  UV  bands: 

CO:  Fourth  Positive  Bands  (Fig.  4) 

Cameron  Bands  (Fig.  5) 

Hopfield-Birge  Bands  (Fig.  6) 

CO^:  First  Negative  Bands  (Fig.  7) 

Comet  Tail  Bands  (Fig.  8) 

In  these  figures,  a  thermal  distribution  of  the  vibrational  and 
rotational  states  has  been  assumed.  The  actual  atmospheric 
excitation  mechanisms  might  well  result  in  different  population 
distributions.  These  bands  were  utilized  because  they  reside  in 
the  portion  of  the  spectrum  the  ISO  can  observe,  and  all  of  the 
necessary  molecular  constants  had  been  calculated  or  measured. 

These  plots  are  then  used  to  aid  in  identifying  actual  lines  in 
the  next  and  final  step  of  analyzing  the  ISO  data. 


WAVELEGTH  CA) 

CO  CAMERON  BANDS 

Figure  5.  Synthetically  produced  CO  Cameron  bands 


WAVELEGTH  CAJ 
CO*  FIRST  NEGATIVE  BANDS 

Figure  7.  Synthetical ly  produced  CO^  First  Negative  bands. 


WAVE 

C6^  COME 

Figure  8.  Synthetically  pi 


PHOTOCHEMISTRY  AND  BRIGHTNESS  CALCULATIONS 


In  order  to  predict  theoretical  intensity  profiles  for  carbon 
oxide  UV  emission  there  is  a  need  to  understand  the  carbon  oxide 
photochemical  processes.  The  photochemical  processes  control  how 
some  of  the  carbon  oxides  (CO^,  002^)  distribute  themselves  with 
altitude  (Hays  and  Olivero,  1970).  The  other  carbon  oxides  (CO,  CO2) 
distribute  themselves  via  transport  processes  in  the  mesosphere 
(Lippens  et  al.,  1984).  As  will  be  shown,  the  concentration 
profiles  with  height  of  CO^,  C02^,  CO  and  CO2  are  needed  to 
calculate  the  vertical  carbon  oxide  intensity  profiles. 

The  techniques  used  to  determine  the  height  profiles  for  CO 
and  CO2  are  quite  different  from  those  used  to  find  height  profiles 
for  CO^  and  C02^.  The  reason  for  this  is  the  unknown  physical 
processes  which  control  mesospheric  CO^  and  C02^.  It  is  common 
for  a  first  theoretical  prediction  to  assume  photochemical 
equilibrium  for  unknown  constituents  (CO^  and  C02^).  However, 
for  mesospheric  CO  and  CO2  this  assumption  is  not  true  according  to 
Hays  and  Olivero  (1970). 

Even  though  CO  and  CO2  are  not  in  photochemical  equilibrium 
a  height  profile  of  each  constituent  is  needed.  The  best 
approach  appears  to  be  the  use  of  actual  data  collected  by  an 
infrared  grille  spectrometer  which  was  flow  aboard  Spacelab  I  along 
with  the  ISO.  Therefore,  the  CO  and  CO2  concentration  profiles 
are  taken  from  the  findings  of  Lippens  et  al.  (1984). 


The  calculation  of  CO^  and  C02^  height  profiles  is  performed 
under  the  assumption  of  photochemical  equilibrium.  Through  an 
extensive  literature  search  the  author  collected  known  photochemical 
equations  involving  CO^  and  for  the  earth's  atmosphere  (M,  Torr, 
1985)  and  the  martian  atmosphere  (M.  Torr,  1985;  Fox  and  Dalgarno,  1979 
Yung  et  al.,  1971).  Many  of  the  photochemical  equations  were  not 
considered  for  the  following  possible  reasons: 

1.  One  or  more  of  the  constituents  used  in  the  photochemical 
equation  is  not  present  in  the  earth's  mesosphere. 

2.  The  photochemical  process  was  endothermic. 

3.  The  concentration  of  one  or  more  of  the  constituents  in  the 
photochemical  equation  was  extremely  small  compared  to  larger 
atmospheric  components  used  in  the  other  considered  photochemical 
equations . 

4.  The  reaction  rate  coefficient  was  small  enough  that  the 
contribution  from  the  chemical  process  in  question  is  quite  small. 

After  applying  these  steps  for  the  sources  and  sinks  of  CO^  and 
C02^,the  following  photochemical  equations  and  rate  coefficients 
were  used  for  height  profile  calculations: 


Sources 

N2'^  +  CO  ^ 

N2  +  co"^ 

7.4 

X  10'^^  cm^sec"^ 

Sinks 

CO'^  +  0  * 

+  CO 

1.4 

X  10‘^°  cm3sec’^ 

+  CO2 

*  002"^  +  CO 

1.1 

-9  -1 

X  10  cm^sec 

002“^ 

Sources 

N2'^  +  CO2 

*  002"^  +  N2 

9  X 

10~^^  cm^sec"^ 

Sinks 

002'^  +  O2 

♦  CO2  +  02^^ 

5  X 

10'^^  cm^sec”^ 

Using  the  assumption  of  photochemical  equilibrium  allows  the  sources 
and  sinks  to  be  equated  to  each  other.  With  this  in  mind  the 


following  equation  can  be  derived: 


CO"^  [N2'^][C0]  7.4x10“^^  cmSsec"^  =  [C0'^][0]  1.4x10"^°  cm3sec' 

+  [CO'^ICCO^]  1.1x10’^  cm^sec’^ 

CO^'^  [N2‘^][C02]  9x10’^°  cm3sec‘^  =  [C02'^][02]  5x10'^^  ctn3sec‘^ 


where  [X]  represents  the  concentration  of  X.  The  solution  for  [CO^] 
and  [C02^]  involves  simple  algebraic  manipulations.  The  end  results 
are  shown  below; 


[CO^]  = 


[N2  ][C0]  7.4x10'^^ 

[0]  1.4x10"^°  +  [CO2]  l.lxlO' 


.  [n/][C0,]  9x10' 

[CO2  ]  =  — - ^—ZTT 

^  [O2]  5x10 


When  available,  the  standard  atmospheric  density  height 
profiles  were  used  in  the  photochemical  models  described  above.  When 
they  were  not  available,  measurements  were  used.  The  height  profiles 
used  in  the  calculation  for  CO^  and  C02^  are  shown  in  Table  1.  The 
results  for  CO^  and  C02^  using  the  developed  photochemical  models 
are  given  in  Table  2.  By  comparison  to  the  other  ions  (0^^  and  NO^) 
present  in  this  region  of  the  atmosphere  (Figure  9),  both  CO  and  C02^ 
are  insignificant.  The  concentrations  for  NO^  (lO^cm'^)  and  02^ 
(SxlO^cm"^)  are  much  larger  than  C02^  (<  1  cm'^)  and  CO^  (<  1  cm”^). 
As  will  be  shown  briefly,  the  concentration  values  of  CO^  and  C02^ 
are  quite  small  and  will  not  be  large  enough  to  produce  observable 
UV  emissions  for  the  ISO  to  detect. 

Intensity  profile  calculations  predict  t'-.,^  "probability  that 


Table  1.  Concentration  height  profiles  for  CO,  0,  and  CO2. 


Concentration  (cm^sec”^) 

[Nj^KPD 


Height 

(km) 


CC0](P2) 


[0](P1) 


[C02](P2) 
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Table  2 


Calculation  concentration  height  profiles  for  CO  and  CO, 


Concentration  (cm^sec 


CO 


Height  (km) 


22 


an  atom  or  molecule  will  resonantly  scatter  a  solar  photon  of 
wavelength  X  into  4ir  Sr  in  unit  time,"  called  a  g  factor  according 
to  Donn  et  al.  (1974).  The  form  of  g  factor  used  for  calculation 
in  this  paper  is  taken  from  Barth  (1965)  and  is  given  as  follows: 


9  ”  ^  ^OV  e^/mc^)  ^Qyi  ^OV  '^V'V" 


and 


9yiyii  ~  9\/n/ii  ^ym* 


_  ^OV 


V'V"  XN’ 


XN  , 


where  F  =  solar  flux,  e  =  electron  charge,  m  =  electron  mass,  c  = 
speed  of  light,  q  =  Frank-Condon  factor,  W  =  albedo  for  single¬ 
scattering  of  the  fluorescent  band,  V'V"  =  fluorescent  band  in 
emission,  OV  absorption  band  in  the  lowest  vibrational  level  of 
the  ground  electronic  state,  f  =  oscillator  strength  and  Fj^j^  =  the 
band  oscillation  strength  for  the  electronic  transition  from 
ground  state  X  to  excited  state  N. 

Values  of  g'  and  q  are  provided  by  Barth  (1965).  Using  the 
formulas  discussed  above  to  calculate  g: 


1. 


^V'V"  ^ov 


T 


OV’ 


Therefore  oscillator  strengths  (^q^i)  «>re  needed  to  complete  the 
emission  rate  factor  calculation  for  each  of  the  carbon  oxide  UV 
emission  bands. 

When  the  oscillator  strength  (fQyi)  was  not  found  in  the 
literature,  the  Einstein  coefficient  (A)  was  used  to  calculate  the 
oscillator  strength.  This  calculation  is  very  simple  and  needs  to 


be  done  from  measurements  of  transition  probabilities,  according 
to  Joshi  et  al.  (1966).  They  found  the  proper  equation  to  be: 


fp^,  =  1.5  X  10' 


with  A  in  urn  and  A  in  sec"  . 


A 


Using  Equation  1,  Tables  3  and  4  show  if  used,  fgyi. 

g*  and  the  g  factors  which  were  calculated  for  the  CO  fourth 
positive  and  Cameron  bands.  Tables  5  and  6  show  the  constants 
used  to  calculate  the  g  factors  for  the  CO^  comet  tail  and  first 
negative  bands.  There  are  no  known  ultra-violet  emissions  by  CO^. 

For  C02^  the  author  could  find  only  one  band  system  emitted  in  the 
ultraviolet,  the  Fox  Duffendack  and  Barken  Bands  (Pearse  and  Gaydon, 
1984).  However,  an  extensive  literature  search  failed  to  find 
all  of  the  constants  necessary  to  calculate  the  emission  rate  factor. 

To  calculate  vertical  brightness,  the  following  equation  is 
used  (M.  Torr,  1985): 

Brightness  =  [X]  H  g  1.0  x  lO"^  Rayleighs 

with  [X]  the  concentration  of  CO^  or  C02^,  in  cm^sec”^,  H  the 
scale  height  in  cm,  g  =  the  emission  rate  factor  in  photons/sec 
and  the  conversion  factor  from  photons/cm^sec  to  Rayleighs.  Using 
this  equation,  the  concentration  calculations  or  measurements  and 
the  g  factor  calculation  we  obtain  brightenss  values  with  respect 
to  height.  See  Table  8  for  the  CO  Cameron  and  Table  7  for  the 
fourth  positive  bands  brightness  predictions.  Table  9  provides  the 
brightness  calculations  for  the  CO^  comet  tail  and  Table  10  the 
first  negative  bands. 


Table  3.  g  factor  calculation  for  CO  Fourth  Positive  bands 


(Hessen  and  Dressier,  1965) 


(photons/sec)  (photons/sec) 


1.13x10  * 

5.38x10  ' 

4.28x10 

2.61x10'^ 

1.12xl0‘® 

8.63x10'® 

2.85x10"^ 

l.lxlO"® 

8.18x10'® 

1.96x10"^ 

6.85x10’^ 

4.93x10'® 

9.6x10“^ 

3.01x10'^ 

2.1x10'® 

3.55x10'^ 

9.97x10'® 

6.7x10'® 

2.16x10'^ 

2.17x10'® 

2.03x10'^ 

1.55x10’^ 

1.41x10'® 

1.3x10'^ 

3.05x10"^ 

2.51x10'® 

2.5x10'® 

7.64x10'^ 

5.66x10'^ 

4.8x10'® 

1.93x10'^ 

1.29x10'® 

1.1x10'^ 

1.86x10"^ 

1.11x10'® 

1.2x10'^ 

1. 08x10"^ 

5.81x10'^ 

00  1 

1 

o 

X 

4.45x10’^ 

2.13x10'^ 

1.6x10'® 

2.3x10'^ 

1.9x10'® 

1.9x10'^ 

1.22x10"^ 

9.14x10'® 

9.0x10'® 

9.01x10'^ 

6.13x10'^ 

5.7x10'® 

1. 16x10’^ 

7.14x10'^ 

6.3x10'® 

5.08x10'^ 

2.82x10'® 

2.2x10'® 

5.72x10’^ 

2.86x10'^ 

2.4x10'® 

1.65x10'^ 

7.41x10'^ 

5.9x10'® 

1.67x10'^ 

6.71x10'^ 

5.2x10'® 

9.96x10’^ 

3.58x10'^ 

2.7x10'® 

4. 13x10"^ 

1.32x10'^ 

9.6x10'® 
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Table 

4.  g  factor 

calculation 

for  CO  Cameron  bands. 

V'V" 

N'V", 

'y" 

q 

g' 

g 

(sec'M 

(photon/sec) 

(photon/sec) 

(James,  1971) 

0  0 

255 

1.63x10*^ 

2.66x10*^ 

5.72x10*^ 

3.5x10*^® 

0  1 

272 

1.91x10*^ 

3.78x10*^ 

7.1x10*^ 

3.6x10*^® 

0  2 

122 

9.43x10*® 

2.4x10*^ 

3.91x10*^ 

1.5x10*^® 

0  3 

31.2 

2.66x10*® 

8.95x10*^ 

1.26x10*^ 

3.7x10*^^ 

0  4 

4.92 

4.63x10*^ 

2.2x10*^ 

2.67x10*® 

5.6x10*^^ 

0  5 

0.44 

4.6x10*^® 

3.79x10*® 

3.93x10*® 

4.8x10"^® 

0  6 

0.03 

3.49x10*^^ 

4.68x10*^ 

4.13x10*^ 

3.1x10*^^ 

0  7 

<0.01 

1.3x10*^^ 

4.24x10*® 

3.15x10*® 

9.7x10*^® 

1  0 

335 

1.99x10*^ 

3.19x10"^ 

4.91x10*^ 

3.1x10*^® 

1  1 

11.8 

7.722x10*® 

2.88x10*^ 

3.89x10*® 

1.0x10*^^ 

1  2 

94.1 

6.74x10*® 

1.03x10*^ 

1.22x10*^ 

8.0x10*^^ 

1  3 

146 

1.15x10*^ 

2.65x10*^ 

2.72x10*^ 

1.2x10*^® 

1  4 

67.5 

5.84x10*® 

1.92x10*^ 

1.7x10*^ 

5.2x10*^^ 

1  5 

15.4 

1.47x10*® 

7.24x10*^ 

5.53x10*® 

1.1x10*^^ 

1  6 

2.16 

2.3x10*® 

1.71x10*^ 

1.12x10*® 

1.5x10*^^ 

1  7 

0.19 

2.25x10*^® 

2.72x10*® 

1.51x10*® 

1.2x10*^® 

1  8 

0.03 

3.97x10*^^ 

3.04x10*^ 

1.43x10*^ 

1.9x10*^^ 

1  9 

<0.01 

1.49x10*^^ 

2.43x10"® 

9.59x10"® 

5.9x10“^® 
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Table  5. 


9 


factor  calculation  for  CO 


+ 


Comet  Tail  bands. 


V'V" 

•  y  " 

(Jain  and  Sahni , 

q 

1966) 

9' 

(photon/sec) 

9 

(photon/sec) 

0  0 

1.56x10’^ 

4.2x10'^ 

4.82x10'^ 

1.8x10'^ 

0  1 

4.34x10"^ 

1.49x10“^ 

1.22x10"^ 

3.6x10'^ 

0  2 

4.56x10"^ 

2.46x10’^ 

1.38x10*^ 

2.6x10'^ 

0  3 

2.07x10'^ 

2.49x10*^ 

9.11x10"^ 

8.0x10"^ 

0  4 

2.45x10’^ 

1.74x10'^ 

3.91x10'^ 

5. 5x10“^ 

0  5 

4.55x10"^ 

1.13x10"^ 

3.46x10"^ 

1.4x10’^ 

1  1 

6.73x10"^ 

1.91x10"^ 

4.27x10"^ 

1.5x10"^ 

1  2 

2.15x10"^ 

8.3x10"^ 

1.31x10'^ 

3.4x10'^ 

1  3 

2.38x10'^ 

0 

0 

0 

1  4 

4.89x10’^ 

8.4x10'^ 

5.84x10’^ 

3.4x10’^ 

1  5 

1 

O 

X 

CO 

1.83x10"^ 

7.7x10"^ 

3.3x10'^ 

2  0 

6.84x10’^ 

1.66x10'^ 

5.83x10'^ 

2.4x10"^ 

2  1 

3.85x10"^ 

9.9x10'^ 

2.59x10"^ 

1.0x10"^ 

2  2 

8.26x10'^ 

2.0x10'^ 

3.8x10"^ 

1.7xl0"^ 

2  3 

2.44x10’^ 

1.04x10’^ 

1.39x10"^ 

3.3x10'^ 

2  4 

1. 11x10"^ 

8.9x10"^ 

8.01x10"^ 

8.5x10’^ 

2  5 

6.84x10'^ 

lO.OxlO"'^ 

5.76x10"^ 

3.9x10“^ 

3  0 

7.05x10'^ 

1.8x10'^ 

5.72x10"^ 

2.2x10"^ 

3  1 

5.64x10'^ 

1.5x10"^ 

3.62x10’^ 

1.4x10’^ 

3  2 

2.72x10"^ 

7.1x10'^ 

1.27x10"^ 

4.9x10’^ 

3  3 

2.13x10’^ 

7.2x10'^ 

9.31x10"^ 

2.8x10"^ 

3  4 

5.46x10'^ 

2.0x10"^ 

1.8x10"^ 

4.9x10'^ 

4  0 

5. 59x10"^ 

1.59x10’^ 

3.5x10’^ 

1.2x10"^ 

4  1 

1.93x10’^ 

4.0x10"^ 

6.8x10'^ 

3.3x10'^ 

4  2 

3.87x10“^ 

9.6x10"^ 

1.23x10'^ 

5.0x10'^ 

4  3 

3.55x10’^ 

10.0x10’^ 

9.49x10"^ 

3.4x10"® 

Table  6.  g  factor  calculation  for  CO  First  Negative  bands 


( Joshi  et  al .  (1966) 


(photon/sec)  (photon/sec) 


0.0088 

5.31x10  ^ 

7.84x10 

1.2x10 

0.0062 

3.39x10'^ 

4.32x10'^ 

lT) 

1 

O 

X 

00 

0.0021 

1.04x10"^ 

1.14x10"^ 

2.3x10 

0.0005 

2.14x10'^ 

2.0x10"^ 

4.7x10 

0.0001 

3.38x10'^ 

2.68x10'^ 

7.9x10 

0.0048 

3.13x10'^ 

2.0x10"^ 

3.1x10 

0.0010 

5.65x10’^ 

3.14x10'^ 

5.6x10 

0.0054 

3.18x10’^ 

1.53x10’^ 

2.8x10 

0.0045 

2.17x10'^ 

8. 95x10"^ 

1.8x10 

0.0017 

7.49x10’^ 

2.6x10"^ 

5.9x10 

0.0016 

1. 11x10"^ 

1.16x10’^ 

1.7x10 

0.0041 

2.58x10"^ 

2.33x10’^ 

3.7x10 

0.0003 

1.76x10’^ 

1.39x10"^ 

2.4x10 

0.0028 

1.46x10’^ 

9.94x10"^ 

1.9x10 

0.0055 

2.55x10'^ 

1.49x10"^ 

3.2x10 
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Table  10.  Brightness  (R)  calculations  for  CO^  First  Negative  bands 


V'V 


70 


75 


Height  (km) 

80  85  90 


95 


100 


RESULTS 


The  results  from  analyzing  the  data  measured  by  the  ISO  are 
presented  below.  This  includes  data  containing  mesospheric  dayglow 
and  the  shuttle  induced  vehicle  glow.  The  technique  used  to 
analyze  both  sets  of  data  are  similar. 

Dayglow 

To  determine  if  the  ISO  is  observing  carbon  oxide  emission 
lines  in  the  dayglow,  several  checks  need  to  be  performed.  First, 
all  of  the  carbon  oxide  lines  which  appear  to  be  present  in  the  data 
are  located.  Because  more  than  one  molecule  can  emit  radiation  in 
the  same  wavelength,  it  is  important  to  check  for  other  molecules 
which  could  fluoresce  or  resonantly  scatter  in  this  same  wavelength. 
If  this  occurs,  then  the  contribution  from  each  molecule  to  this 
line  must  be  determined.  After  carbon  oxide  emission  lines  are 
selected  for  study,  they  must  be  compared  to  lines  which  are  better 
understood.  This  comparison  of  intensity  verses  height  will  show 
if  the  carbon  oxide  emission  lines  are  actually  carbon  oxide  lines 
or  some  other  molecule  undergoing  resonance  fluoresence. 

The  brighteness  predictions  discussed  previously  indicate  that 
the  CO  fourth  positive  band  is  the  most  likely  band  the  ISO  could 
observe.  The  other  band  intensities  are  not  bright  enough  to 
overcome  the  ISO's  signal  threshold  or  sky  background.  A  signal 

o 

intensity  of  approximately  30  R/A  is  needed  in  order  for  the 
feature  to  be  observable  by  the  ISO  (Torr,  Basedow,  Torr,  1982) 


in  an  integration  period  of  a  few  seconds.  Therefore,  only  the 
CO  fourth  positive  bands  will  be  considered  when  analyzing  the 
mesospheric  dayglow  data. 

Due  to  a  spurious  feature,  possibly  scattered  sunlight,  in  all 
but  two  of  the  spectra  measured  by  the  ISO,  the  mesospheric  dayglow 
data  is  very  limited.  This  light  leak  occurred  in  the  same  wave¬ 
length  region  where  the  CO  fourth  positive  bands  should  be  their 

O  O 

brightest  (1478  A  to  1800  A).  The  intensity  of  the  unexplained 
feature  was  strong  enough  to  completely  dominate  any  CO  fourth 
positive  emission  lines  in  this  region.  Another  difficulty  occurred 
when  one  of  the  five  spectrometers  (near  UV)  suffered  from 
impaired  gain  due  to  damage  incurred  during  integration  to  the 
shuttle.  The  spectrometer  in  question  covered  the  wavelengths 

O  O 

from  2200  A  to  4100  A  (Torr,  Basedow,  Torr,  1982).  The  resulting 
spectrum  was  not  obtained  with  sufficient  sensitivity  for  this 
study.  Most  of  the  other  carbon  oxide  bands  (CO^  first  negative, 

CO  cameron,  CO^  comet  tail,  etc.)  emit  within  this  region. 

These  data  restrictions  eliminate  all  but  two  spectra  which 
contain  mesospheric  carbon  oxide  UV  emissions.  Realizing  that 
this  is  a  very  limited  data  base,  it  is  thought  that  averaging  the 
two  spectra  together  will  create  a  better  representation  of 
mesospheric  dayglow.  This  spectrum  is  shown  in  Figure  10. 

Any  CO  fourth  positive  lines  which  appeared  on  the  averaged 
spectrum  were  located  and  noted  (Fig.  10).  This  was  done  using 
the  spectrum  produced  by  the  synthetic  spectral  model.  All  of 
the  observable  lines  occur  in  the  one  through  three  upper 
vibrational  levels. 


10.  Averaged  mesospheric  daygiow  spectra 
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However,  there  are  several  other  molecules  which  emit  in  this 
wavelength  region.  These  include  the  NO  delta,  NO  gamma  and  the 
N2  L)mian-Birge-Hopf ield  (LBH)  Bands.  Any  lines  from  these 
molecules  which  appear  on  the  spectrum  have  been  noted  on  Fig.  10. 
Many  of  the  N2  LBH  lines  are  very  close  to  or  coincide  with  the 
CO  fourth  positive  lines.  This  occurs  because  the  molecular 
structure  and  weight  for  N2  is  equal  to  that  of  CO's  causing 
both  molecules  to  fluoresce  and  resonantly  scatter  at  approximately 
the  same  wavelengths. 

When  both  molecules  emit  at  the  same  wavelength,  it  is 
important  to  determine  how  much  energy  is  contributed  by  each 
molecule.  This  allows  an  estimate  of  how  strongly  a  line  represents 
a  specific  molecular  band  emission  (in  this  case  CO  fourth  positive). 
In  order  to  do  this  for  a  specific  molecule,  a  comparison  of  relative 
intensities  between  lines  in  the  same  vibration  state  but  different 
rotational  states  must  be  drawn.  As  an  example,  consider  the  3,5 
CO  fourth  positive,  or  as  seen  on  Fig.  10,  the  2,6  N2  LBH  line. 

The  line  considered  for  comparison  for  the  3,5  CO  fourth  positive 
line  is  the  3,8  CO  fourth  positive  line  and  for  the  2,6  N^  LBH 
line,  a  comparison  is  drawn  with  the  2,5  LBH  line. 

A  good  approximation  for  determining  the  energy  contribution 
to  this  line  (3,5  CO  or  2,6  N^)  from  each  molecule  is  calculated 
in  the  following  manner.  By  comparing  the  Frank-Condon  factors  of 
the  two  lines  at  the  same  vibrational  level  a  ratio  of  their 
respective  intensity  levels  is  known.  The  Frank-Condon  factor  is 
the  probability  that  a  molecule  will  transition  from  one  excited 


-  li  '  J 


level  to  another.  Comparing  the  Frank-Condon  factors  for  the 

3,5  CO  fourth  positive  lines,  the  ratio  is  shown  to  be: 

3.5  CO  fourth  posUive  Frank-Condon  factor  .  q  c 
3,8  CO  fourth  positive  Frnak-Condon  factor  ”  ’ 

This  indicates  that  the  3,5  line  should  be  half  as  bright  as  the 
3,8  line.  For  the  N2  LBH  lines  the  ratio  is  as  follows: 

2.6  N2  LBH  Frank-Condon  factor 
2,5  N2  LBH  Frank-Condon  factor  “ 

Therefore,  the  2,6  line  should  be  approximately  seventy-six  times 
brighter  than  the  2,5  N2  LBH  line. 

O 

Looking  at  Figure  10,  it  is  apparent  that  only  about  10  R/A 
of  the  2,6  N2  LBH  line  is  due  to  the  3,5  CO  fourth  positive 
emission.  This  is  because  one  half  of  the  3,8  CO  fourth  positive 

O 

line  is  only  about  10  R/A.  The  N2  LBH  ratio  indicates  the  line 
should  be  much  larger  than  the  emission  intensity  actually  is. 
Therefore,  this  line  is  mainly  caused  by  the  2,6  N2  LBH  line. 

This  eliminates  the  3,5  CO  fourth  positive  line  for  further 
consideration. 

This  process  was  performed  on  any  jointly  shared  lines  between 
CO  fourth  positive  and  the  NO  delta,  NO  gamma  and  N2  LBH  lines. 
After  this  exercise,  only  three  CO  fourth  positive  bands  were 
considered  for  further  study.  These  lines  are  the  CO  fourth 
positive,  1,6  line,  3,8  and  0,6  line.  As  shown  by  Figure  10, 
there  are  no  other  molecular  emission  lines  near  these  features. 


thus  making  them  excellent  candidates  for  continued  study. 
To  be  sure  these  three  lines  are  CO  and  not  some  other 
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constituent,  an  intensity  profile  must  be  examined.  The  two 
spectra  that  were  used  for  this  were  broken  into  their  eight  height 
lines.  These  lines  and  respective  heights  are  given  in  Figures  11 
through  18  for  the  first  spectrum  considered  and  Figures  19 
through  26  for  the  second  spectrum.  The  four  lines  that  are 
considered  are  noted  on  all  of  these  figures.  The  comparison  of 
CO  will  be  done  with  the  NO  gamma,  4,0  line.  The  intensities 
found  for  the  NO  gamma  band  are  similar  to  that  used  in  determining 
intensities  for  the  CO  fourth  positive  bands.  These  line  by  line 
spectra  will  be  used  to  develop  an  intensity  height  profile.  As 
stated  before,  this  will  permit  a  comparison  with  Lippens  et  al. 
(1984). 

By  number  integration,  the  area  under  each  line  can  be 
calculated.  This  results  in  intensity  values  for  each  of  the  CO 
fourth  positive  lines  and  the  NO  gamma  line.  Figure  27  shows  the 
height  verses  averaged  intensity  profiles  for  the  first  spectrum 
which  varies  in  altitude  from  88  to  102  km.  The  averaged  intensity 
height  profiles  for  the  second  spectrum  (Fig.  28)  varies  in  height 
from  98  to  112  km.  The  CO  lines  in  both  figures  display  an  altitude 
profile  similar  to  that  for  the  NO  line.  Therefore,  it  is  necessary 
to  compare  the  ISO's  meospheric  CO  measurements  to  that  of  Lippens 
et  al.  (1984). 

This  approach  is  best  to  determine  if  the  ISO  is  observing 
mesospheric  CO.  Figure  29  shows  Lippens  et  al.  data  and  the 
values  used  for  comparison  in  this  paper.  Realizing  that  Lippens 
data  is  the  vertical  height  profile  and  that  the  data  used  in  this 
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Fig.  14.  Height  profile  representation  of  first  spectra. 
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Fig.  15  and  Fig.  16.  Height  profile  representation  of  first  spectra. 
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Fig.  19  and  Fig,  20.  Height  profile  representation  of  second 

spectra . 
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Fig.  25  and  Fig.  26. 
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spectra. 


erage  slant  path  intensity  (R)  for  88  km  to  102  km.  Where  -- 
ne,  0  is  the  average  intensity  of  the  CO  106,  308  and  0-6  lin 
le  maximum  and  minimum  intensity  values  of  the  three  CO  fourth 
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paper  is  slant  path  values,  it  is  necessary  to  convert  the  ISO's 
data  to  vertical  height-density  values.  According  toM-Torr  (1985) 
this  is  done  by  the  following: 

Ij1  =  n  H  /JirH 
’0  =  9  [CO] 

where  is  the  slant  path  measured  intensity,  n  is  the  volume 

emission  rate  which  is  equal  to  the  g  factor  (g)  times  the 

concentration  of  CO  ([CO]),  H  is  the  scale  height  (6.9  km)  and 

/2TrH  is  the  geometrical  correction  for  the  ratios  of  slant  path 

intensities  to  vertical  intensities.  Through  substitution  for 

n  and  algebraic  manipulation,  the  vertical  concentration  of  CO  is 

calculated  by:  , 

L,  (1  +  10°)  photons  raleigh 

[CO]  =  - 

gH  /2irH  cm2  sec 

Table  11  contains  the  values  for  the  CO  1-6  fourth  positive 
band  and  calculated  vertical  density  profiles.  Figure  30  shows  a 
density  versus  height  plot  for  both  Lippens  et  al.  data  and  the 
data  as  measured  by  the  ISO.  It  is  readily  apparent  that  the  ISO 
is  measuring  carbon  monoxide  in  the  mesosphere. 

Shuttle  Induced  Glow 

The  process  for  examining  the  night  ISO  data  is  similar  to 
that  used  in  the  analysis  of  the  mesospheric  dayglow  data.  This 
night  data  would  have  to  be  shuttle  induced  glow  for  any  CO  lines 
that  were  observed.  There  are  no  known  excitation  mechanisms 
which  could  cause  CO  to  emit  radiation  in  the  night  time  mesosphere 
The  chemical  lifetime  of  CO  is  very  short  and  therefore  it  will 


52 


Measured  Slant  Path 
Intensities 


Vertical  Density  Profile 
(cm'^) 


o)  a; 

c  «/i 

.f-  0) 

</) 

s  Ou 
a; 


a; 

-o 


(/) 
Q) 
C  . 


ro 


.—  1—00 
to  a> 

(/)  0) 

3  .—  •» 

1/1  ^  • 
^  fl3  .— 
01  &.  ro 
>  to 
Ow^ 
m  O) 

e  >v  • 

U  *—  iA 
^  C 

u  ^  a> 

a»  a;  Q. 
o.  c  a. 


£ 

CO 
2 
LlI 
Q 

t/>  0)  ^ 

crl^'-: 
UJ  u  'a' 
CD  ^  ol'o 

^  O  C  r-t 

^  e—  X 

_  .1-  o  o 

^  tj  •*■> 

o 

o  \o 

Q. 

TJ  00 
C  (Ul 
ro  f  O 
•*->  1-1 
CM  X 
O  •o  CO 

o  c 
•o  E 
*♦-  o 

O  (/I  w 
0) 

>»  c 

4->  i/> 

—  P-  o 

i/i  •»- 

C  C  -•-> 
O)  O  <T) 
-o  —  i- 

S»  Q.  O) 
0)  &-  C 
-O  O 
g  (/)  X 
3  -O  •*“ 
2  fQ  E 


O 

ro 

o; 

&. 

3 

CO 


54 


not  be  able  to  hold  its  energy  until  nightfall  and  then  radiate. 
This  only  leaves  three  possible  excitation  mechanisms  for  CO  all  of 
which  are  caused  by  the  shuttle. 

The  features  present  on  the  spectra  are  inconsistent  in  that 
intensities  vary  greatly  from  the  first  spectrum  (Fig.  31)  to 
the  next  spectrum  (Fig.  32).  This  is  not  normally  associated  with 
molecular  emission  features.  It  is  not  thought  that  these 
features  could  be  due  to  thermal  noise  within  the  ISO.  However, 
we  can  investigate  the  distribution  source  of  these  features 
using  the  spatial  information  in  the  imaged  spectra. 

To  check  for  thermal  noise,  two  of  the  brighter  lines  in  each 
spectrum  were  broken  down  into  the  eight  spatial  lines.  This  will 
indicate  if  the  line's  intensity  is  extended  or  of  a  point  source 
nature.  If  all  of  the  intensity  contribution  for  this  line  is 
contributed  in  one  spatial  element,  then  the  feature  is  due  to 
the  energy  from  a  localized  source. 

The  two  features  examined  in  the  first  spectrum  occur  at 

o  o  o 

2900  A  and  3120  A  and  for  the  second  spectrum  occur  at  2460  A  and 

O 

3670  A.  Each  of  these  features  are  shown  in  their  eight  spatial 
1 ines  as  follows: 

o 

2900  A  Figure  33 

3120  A  Figure  34 

2460  A  Figure  35 

3670  A  Figure  36 

O 

Energy  contributions  to  the  2900  A  line  are  apparent  in  steps. 
Figure  33-2,  3,  4,  7,  8.  This  is  very  apparent  in  Figure  33-2 
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spectra  of  ISO  night  glow  data 
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Eight  spatial  (1-8)  representations  of  ISO  night  glow 
data  occurring  at  2900  A. 


3100  3150 


WAVELENGTH  (A) 


100 


80 


Eight  spatial  (1-8)  representations  of  ISO  night  glow 
data  occuring  at  3120  A. 


which  shows  a  spike  which  appears  to  be  noise  on  the  telemetry. 

O 

For  the  3120  A  feature.  Figure  34-2,  3,  4,  5,  7,  and  8  shows 
the  signal  in  varying  intensities  but  does  not  display  any  thermal 

O 

noise  spikes.  The  2460  A  feature  which  occurs  on  the  second 
spectrum  (Fig.  32)  has  energy  inputs  from  Figure  35-2,  3,  4,  5,  7 
and  8.  Again,  there  is  no  indication  of  a  noise  spike.  The  final 

O 

emission  line  considered  (36/0  A)  displays  a  signal  in  Figure 
36-2,  3,  4,  5,  and  6  with  a  telemetry  noise  spike  as  shown  on 
part  4. 

Only  two  of  the  features  examined  above  contain  noise  spikes 

o  o 

[the  2900  A  feature  in  spectrum  one  (Fig.  31)  and  the  3670  A  line 
in  spectrum  two  (Fig.  32).]  Although  this  partially  explains 

O 

these  two  features,  it  does  not  account  for  the  3120  A  line 

O 

(spectrum  one)  and  the  2460  A  line  (spectrum  two).  In  fact  these 
telemetry  noise  spikes  do  not  contribute  100  percent  of  the 

o  o 

intensity  needed  to  produce  the  2900  A  and  3670  A  lines.  However, 
because  the  signals  which  are  measurable  are  not  clearly  present  in 
all  eight  height  lines,  it  is  unlikely  that  they  all  represent 
molecular  or  atomic  emissions.  It  has  been  suggested  that  these 
lines  are  produced  by  several  mechanisms  such  as  cosmic  radiation, 
high  energy  electrons/protons  hitting  the  detector,  a  star  being 
observed  over  the  limb  of  the  earth  or  particulates  in  the  field 
of  view  (M.  Torr,  1985).  A  still,  low  light  photograph  taken  on  the 
Spacelab  I  flight  with  the  ISO  supports  the  possibility  of 
particulates  in  the  field  of  view  of  the  instrument  (see  Figure  37). 
These  particulates  could  cross  only  a  few  of  the  ISO's  spatial 


Figure  37.  Still  low  light  photograph  taken  on  board  Spacelab  I 
which  shows  particulates  streaming  over  shuttle 
instrumentation. 


elements.  Thus  explaining  many  of  the  features  which  were  shown  on 
Figures  33,  34,  35  and  36,  and  were  only  detectable  on  a  few  of 
the  spatial  elements  of  the  spectra.  Whether  either,  or  all  of 
these  is  correct  needs  to  be  determined,  which  is  beyond  the  scope 
of  this  thesis.  Because  these  features  do  not  appear  due  to 
molecular  emission,  further  data  analysis  is  not  necessary. 


CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 

This  study  attempted  to  determine  if  the  ISO  could  measure 
carbon  oxide  UV  emission  in  both  the  dayglow  (mesosphere)  and 
shuttle  induced  glow.  Through  brighteness  predictions  and  photo¬ 
chemical  modeling,  only  one  carbon  oxide  band  (CO  fourth  positive) 
was  found  to  be  intense  enough  to  be  measurable  by  the  ISO.  After 
comparing  all  of  the  CO  fourth  positive  lines  (which  appeared  on 
the  spectrum)  to  the  NO  gamma,  NO  delta,  and  N2  LBH  bands,  only 
three  remained  which  were  considered  pure  CO  fourth  positive  lines. 
The  three  lines  were  then  broken  down  into  intensity  height 
profiles.  These  height  profiles  were  compared  to  a  brighter  line 
(produced  by  the  NO  gamma  4,0  line).  Because  this  was  not 
conclusive  the  measured  intensity  values  for  the  ISO  were  converted 
to  vertical  density  height  profiles  and  compared  to  CO  measurements 
taken  in  the  infrared  (Lippens  et  a1.,  1984).  The  graphs  on 
Figure  33  show  that  the  ISO  is  measuring  CO  in  the  mesosphere. 

The  night  data  collected  by  the  shuttle  initially  appeared 
to  have  some  very  strong  features.  However,  on  closer  inspection 
of  the  data,  there  appeared  to  be  differences  in  intensities 
between  the  two  separate  spectra.  This  is  possibly  an  indication 
of  thermal  noise.  To  check  for  this,  two  bright  features  (from 
each  spectrum)  were  broken  down  into  their  height  lines.  If  there 


was  thermal  noise,  it  would  only  be  present  on  one  spatial  line 
because  of  the  physical  distance  the  thermal  photon  covers  when  it 
hits  the  detector.  Two  of  the  studied  lines  did  show  thermal  noise. 
However,  both  the  lines  which  showed  thermal  noise  and  the  two 
which  did  not  show  thermal  noise,  had  signals  on  four  or  five  of 
the  lines.  This  is  not  thermal  noise  and  cannot  be  a  molecular 
emission  feature.  It  has  been  suggested  that  these  signals  are 
caused  by  cosmic  radiation,  high  energy  electron/protons  impinging 
on  the  ISO  detector,  possibly  a  star  being  observed  over  the  limb 
of  the  earth  or  most  likely  particulates  passing  in  the  field  of 
view  of  the  ISO.  Regardless  of  this,  it  currently  cannot  be 
determined  if  the  ISO  is  measuring  carbon  oxide  emission  induced 
by  the  shuttle. 

Recommendations 

Two  major  problems  with  the  analysis  of  the  mesospheric  data 
occurred  with  the  data  collection  and  sensitivity  level  of  the 
ISO.  The  first  problem  resulted  when  one  of  the  spectrometers  was 
damaged  and  collected  noise.  There  were  problems  with  a  spurious 
signal  which  overpowered  the  portion  of  the  spectrum  where  the 
brightest  CO  fourth  positive  bands  occurred.  The  second  problem 
resulted  from  the  ISO's  signal  to  noise  sensitivity  requiring 
bright  band  emissions  which  the  CO  and  CO^  bands  could  not  produce. 
The  first  recommendation  is  to  collect  much  more  data  which 

O  O 

would  include  the  spectral  range  from  2200  A  to  4100  A  and  attempt 
to  compensate  for  the  spurious  signal  which  overpowered  the 
brightest  of  the  CO  fourth  positive  bands.  The  second  recommendation 
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requires  the  ISO's  sensitivity  threshold  to  be  dropped  from  30  R/A 

O 

to  10  R/A.  This  would  allow  many  more  carbon  oxide  lines  to  be 
observed  increasing  the  possibility  that  several  more  carbon  oxide 
lines  could  be  remotely  measured  in  the  mesosphere,  thus  increasing 
our  understanding  of  mesospheric  process  (both  physical  and 
chemical ) . 

To  study  the  shuttle  induced  glow,  first  an  understanding  of 
the  unexplained  features  which  appear  on  both  spectra  must  be 
investigated.  Any  or  all  of  the  causes  for  these  features  should 
be  eliminated  or  compensated  for.  This  includes  cleaning  up  the 
shuttle  environment  so  that  particulates  and  exhaust  contaminants 
will  not  interfer  with  scientific  optical  instrumentation. 
Collecting  more  data  examples  and  compensating  for  stars  which 
appear  in  the  ISO's  field  of  view  would  be  very  helpful.  Further 
instrument  cooling  and  shielding  could  help  eliminate  thermal  noise 
and  noise  caused  by  energetic  electron/proton  penetration.  Then 
perhaps  some  carbon  oxide  features  could  be  measured. 
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